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Aphaenogaster longiceps, the funnel ant, is widespread in southern Australia, The genvs is
gencrally regarded as being more common on, or conlined Lo, sandy soils ranging from the
inland to the coastal forests, In this paper we model the effect of site, soil and vegetation
charactenistics on the probahility of occurrence of nests ol A. longiceps. The relative strength
of the environmental variables in predicting the presence of nests of A, longiceps within a
20ha site in SE New South Wales is described. Aspeet and topographic position are beiter
predictors of nest oceurrence than are surlace soit texiure (pereend gravel und percent sund)
or vegetative characteristics. The models arc used to puedict the likely response of A.
longiceps 1o forest habitat fragmentanon in eucalypl lorest in SE New South Wales.
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The impuct of forest habitat fragmentation on
the ground dwelling arthropod fauna of a
cucalypt forest is currently being studied at Wog
Wog, SE New South Wales (Margules, 1992).
The primary objectives of this experiment are to
test predictions that flow from MacArthur &
Wilson's (1967) equilibrium theory of island
biogeography. The theoretical background, cx-
perimental design, sampling stratification and
1heoreticul predictions are described by Margules
(1992). In bnef, there are two predictions of im-
portance: the first is that habitat fragmentation
reduces diversity and second that the reduction in
diversity is dependent upon the fragment size
(Margules, 1992), The major emphasis of the
experiment is on the ground dwelling arthropod
fauna. Herbage and understorey layers are also
being monitored (Austin & Nicholls, 1988; Mar-
gules, 1992) to document their dynamics follow-
ing habitat fragmentation and for the polential
influence they might have on the distribution and
abundance of the sampled fauna.

Funnel ants, Aphaenogasterspp., are known tor
their habit of creating widespread surface soil
disturbance in association with their nest entran-
ces (Sloane & Sloane, 1964; Saunders, 1967;
Andersen, 1991). They can be a conspicuous
component of the ground dwelling founa and can
influence the dynamies of the ground layer
vegetation (Saunders, 1967). The presence of the

nests of A, longiceps was recorded as part of the
charaeterisation of the pennanent monitoring
sites in the Wog Wog experiment. The nests did
not seem to be randomly distributed with respect
10 other site environmental variables.

The preference of Aphaenogaster spp. for
sclected habitats has hcen noted belore
{Saunders, 1967; Andersen, 1991); its generally
observed that Aphaenogasrer spp. prefer sandy
soils, Although there has been only limited work
on habitat preferences of Australian ants there is
clear evidence that ants can show affinities for
selected soil types (Greenslade, 1976, 1987).
aspeets (Greenslade, 1985) and can partition the
habitatin tesms of rainfall gradients (Greenslade,
1974, 1976, 1987).

The objective of the present paper is todevelop
and describe correlative models relating the
presence of nests of A, fongiceps 1o a range of
environmental variables that potentinlly repre-
sent different sourees of control of the distribu-
tion of the specics. These models will be used 1o
predict the hkely impact of forest fragmentatinn
on this conspicuous component of the ground
dwelling arthropod fauna.

METHODS

In 1987 an envitonmental survey of the 143
permanent sampling ponts withinthe Wog Wog
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TABLE 2. Changes in deviance (a measure of the lack of fit used 10 assess logistic regression models fitied to
binary data) when the topographic variables were fitted singly to the null model. This table represents the resuits
of the first pass of the forward stepwise fitting procedure.

Variable d.f. Deviance d.f. Deviance P

Nuil 287 213.09

Slope 286 212.68 1 0.412 >0.1
Slope+Slope* 285 211.59 1 1.097 0.1
Aspect 286 181.80 1 31,294 <0.001
Aspect+Aspect 285 178.45 i 3.353 0.067
Landform 279 180.51 B 32.582 0.001
Habitat 286 194.55 i 18,544 <0.001
Catchment size 284 193.19 3 19.904 <0.001
Fire Historv 285 210.02 2 3,081 >0.1
Waler Erosion 286 208.27 i 4822 0.028

Subsequent testing of the remaining vanables
produced no further significant reduction in the
deviance. Thus a three variable model proved to
be an adequate model. The regression coeffi-
cients for this model are given in Table 4 and the
model displayed in Fig. 1. Interpretation of the
regression coefficients 1s as follows: the positive
cocfficicnt for aspect indicates an increasing
probability of finding a nest as the aspect in-
creases towards 360°, the negative coefficient for
slope reflects a declining probability of nest oc-
currence on flatier sites compared 1o siles on
slopes. The habitat coefficient is the difference
betwecen the two predicted surfaces defined by
aspect and slope and reflects a 3.5 times decline
in the ratio of the odds (presence/absence) of u
predietion for a drainage site compared with a
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comparable slope site. Figure 1 shows the dis-
tribution of the observations in the multidimen-
sional space defined by slope and aspect. The
lines show where in that two dimensional space
the mode! predicts selected probabilities of nest
occurrence for given combinations of slope and
aspect. Note that a predicted probability of 0.1
implies that for ten sites (for example slopes)
with the same slopc and aspect, one would ex-
peel one site o have Aphaenogasier nests; in
contrast for a predicted probability of 0.5, five of
the ten sites would be expected to have nests.

EDAPHIC VARIABLES

Textural variables, percent sand, gravelorelay
for the Al horizon or the B horizon showed a
significant relationship with the presence of A.
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FIG. 1. Observed and predicted probabilities of occurrence of nests of A, longiceps as a function of aspect,
expressed as degrees from north, for siles elassified in the ficid as either siopes (a) or drainage lines (b). Sites
are shown as solid symbols where nests were present and as open symbols where absent. Continuous lines

show the predicted probability of nest cccurrence.,
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FIG 2. Distribution sites in the environmental space
defined by pervent gravel und percent sand. Sites are
shown as solid symbols where nests were present and
as open symbols where absent. Cominuous lines
show the predicied probability of nest occurrence.

longiceps nests (Table 5). The colour, expressed
as the chroma (Munsell Color Company, 1971),
of the A2 and B horizons showed less pronounced
but significant rclationships (Table 5). The final
model was a quadratic funetion of the percent
gravel of the A horizon plus a linear function of
the percent sand of the A1 horizon (Table 6). For
any given values of percenl sand the maximum
predicted probability of occurrence will be at
about 15-16% gravel content, The predicted sur-
face and observed data arc shown as a function of
these two vanables (Fig. 2).

VEGETATIONAL VARIABLES

The vegetational characteristics fall naturally
into three groups: litter, understorey components
and the canopy. Significant relationships were
found for litter and understorey components but
not for canopy components (Table 7). Percent
bare ground was the most significant litter com-
ponent whereas percent grass cover was the most
important single variable of the understorey
group (Table 7). The selected model was a quad-
ratic function of percent bare ground, linear func-
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tion of pcrcent moss cover and a linear function
of percent grass cover (Table 8). Maximum
probabilities are predicted for percent bare
ground around 15%; the probability of occur-
rence declines with increasing cover of grass and
moss. For moss cover the rate of decline of the
odds ratio is about 1.6 times that for grass cover,

COMPARISON OF THE THREE MODELS

The three models can be compared informally
in terms of the overall measure of lack of fit. For
generalized linear models, this measure is usual-
ly referred to as the deviunce (McCullagh &
Nelder, 1989). Although for many generalized
linear models the behaviour of the devianee is
understood for models based on binury (that is
presence or absence) data (such as used here) the
behaviour is known not to have expected
asymplotic properties. For this reason the use of
the deviance as a measure of model adequacy is
not recommended (McCullagh & Nelder, 1989),
However, we can use it to rank the three final
models; the topographic model had a residual
deviance of 152 with 284 degree of freedom; the
vegetation model a deviance of 168 with 283
degrees of freedom; and the soil-based model a
deviance of 190 with 284 degrecs of freedom.
The topographic-based model offers the greatest
explanation of the observed variation in distribu-
tion of nests of A. longiceps and the vegetation
model the least explanation,

DISCUSSION

Despite the rarity of vecurrence of nests —
present on 35 of the 288 quadrats (which were
located on 25 of the 144 sites) — a wide range
of cnvironmental variables drawn from the three
classcs have significant relationships with the
oceurrence of A. longiceps nests (Tables 2, § &
7). This result reflects the likely collineurity of
many of the environmental vaniables within the
sample of sites used for monitoring the impact of
fragmentation, Despite this, it1s possible to draw
some conclusions about the influence of en-
vironment on the distribution of A, longiceps
within the local region of the Wog Wog habitat
fragmentation experiment.

The site or topographic-based model
demonstrates a clear preference of species for
warm exposed (north-west facing) slopes (Fig.
1), In addition, the preference for sandy soils on
warmslopes suggests that this species avoids wet
conditions. As notcd by Margules (1992} the



ENVIRONMENTAL CONTROL OF FUNNEL ANTS 169

TABLE 3, Changes in deviance (a measure of thc lack of fit used to assess logistic regression models fitted to
binary data) when the topographic variables were added singly to the model containing the linear function on
aspect, This table represents the results of the second pass of the forward stepwise fitting procedure,

Variable d.f. Deviance d.r. Deviance p

Aspect 286 181.80

+ Slope 285 180.30 1 1.502 >0.1
+ Slope+Slope” 284 180.25 1 0.049 >0.1
+ Aspect+Aspect” 284 178.45 1 3.353 0.067
+ Landform 278 147.07 8 34,730 <(0.001
+ Habitat 285 160.99 1 20.815 <0.001
+ Catchment size 283 160.36 3 21.446 <0.001
+ Fire History 284 176.36 2 5.442 0.066
+ Water Erosion 285 176.90 1 4.898 0.027

TABLE 4. Regression coefficients and approximate standard crrors for the final model relating probability ol
occurrence of nests of A. fongiceps with selccted topographic and site variables.

Variable Parameter estimate| Standard error t value P
Intcreept -8.649 1.598 541 <0.001
Habitat 1.247 0.271 4.01 <0.001
Aspcct 0.03468 0.00682 5.08 <0.001
Slope -0.2407 0.0839 2.87 0.005

TABLE 5. Changes in deviance (a measure of the lack of fit used to assess logistic regression models fitted to
binary data) when the edaphic variablcs werc fitted singly to the null model, Textural componenls are
abbreviated, sand = S, clay = C, and gravel = G. All continuous variablcs were fitted as both first and sccond
order polynoimial lunctions. Where no second order function is shown bclow it may be assumed that the change
in deviance due to the addition of the quadratic term was not significant and was less than 2.

Variable d.f. Deviance d.f. Deviance P
Null 287 213.10
A horizon
%S 286 209.60 1 3.49 0,062
PBS + %S> 285 204.54 1 5.06 0.024
%C 286 205.14 1 7.96 0.005
%C + %C° 285 202.69 1 2.45 >0.1
%G 286 212.58 1 0.52 >0.1
BG + BHG 285 194.48 1 18.09 <0.001
A2 horizon
Thickness 286 213.10 1 0.00 >{.1
Colour
Hue 286 212.30 1 0.80 >0.1
Hue+Hue? 285 208.83 1 3.47 0.062
Value 286 212.06 1 1.04 >(.1
Chroma 286 204.69 1 8.41 0.004
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TABLE 6. Regression coefficients and approximate standard errors for the final model relating probability of
occurrence of nests of A. longiceps with selected edaphic variables. Residual deviance for this model was
190.05 with 284 degrees of freedom. Edaphie variables are abbreviated, % gravel as %G and % sand as %S.

Variable Parameter estimate| Standard error i value P
Intercept -5.0428 1.8491 3.21 0.002
Al %G 0.2639 0.0680 3.88 <().001
Al %G + %G’ -0.00844 0.00305 2.77 0.007
Al %S 0.0496 0.0258 1.93 0.037

TABLE 7, Changes in deviance (2 measure of the lack of fit used 10 assess logistic repression modeds fitted o
binary data) when the vegetation vaables were fitted singly to the null model. All continuous vanables were
fitted as both first and second order polynomal functions. Where no second order polynomial function is shown
below it may be assumed that the change indeviance due to the addition of the quadratie terin was notsignificant

and was less than 2.

Variable d.f. Deviance d.f. Deviance r

Null 287 213.10

% Bare grnd 286 201.43 1 11.67 <0.001
% Bare gmd- 285 188.94 i 12.49 <0001
Litter [

% Leaf 286 212.29 1 0.31 >0.10
% Leaf> 285 209.02 | 1.27 0.071
{% Bark 286 209.57 i 1.52 0.061
|9 Bark? 285 208.17 1 121 >0.10

TABLE 8. Regression coefficients and approximate standard errors for the final model rclating probability of
occurrence of nests of A. longiceps with selected vegetation variables.

Variable Parameter estimate| Standard error t value P
Intercept -1.2785 0.4434 2.88 0.004
% Bare ground 0.3249 0.1254 2.39 0.010
% Bare ground” £0.0110 0.0072 1.52 >0.10
% Moss 0.0972 0.0428 2.27 0.024
% grass -0.0596 0.0267 2.34 0.026

experimental site was selected such that the
layout of the remnants was on a predominantly
south western facing slope. Despite this, the local
refief within the experimenta!l site causes aspects
for the 144 monitoring sites to range from 107°to
325° with the majonty between 185% and 240°.
There is little difference between those monitor-
ing points classified as slopes and those as
drainage lines in terms of the range of aspects nor
in terms of their slope. There is little correlation
between site aspect and slope (Fig. 1). The impact
of fragmentation of the forest will not change the
aspect or slope of the monitoring sites although
the exposure of sites can increase due to the loss
of surrounding forcst canopy This can be most

noticeable for sites close to the edges of the
remnants and may change the range of effective
gxposure, increasing it for westerly aspects and
perhaps decreasing it for southerly aspects.
Given the preference of A. longiceps for nesting
on westerly to north-westerly (=warm) sites and
the potential for increased exposure following
forest canopy fragmentation, the response of this
ant to the direct impact of fragmentation will be
fo maintain or perbhaps to increase its current rale
of site occupancy.

The strong influence of surface texture on the
probability of nest occurrence is consistent with
the usual statements about the preference of
Aphaenngasrer spp. for sandy soils (Sloane &
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